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Abstract 
 
Introduction:  The huge impact of technology in the last few decades, and the ample development of 
information and communication technologies (ICT) has established them as an essential characteristic 
of today’s society. This vertiginous advance, and the quantity and diversity of changes in knowledge 
that are being generated, are inducing important innovations and transformations in the school envi-
ronment and its curriculum. The irruption of ICT in the educational sphere entails an increase in moti-
vation and an interest in the learning processes of each student. Likewise, greater autonomy and com-
petence have been fostered within this society in state of continual transformation. On the other hand, 
the quantity of time that each student dedicates to using certain technologies (mobile phones, internet, 
social media and videogames) outside of the school environment, and the variety of digital and audio-
visual resources that are being developed, leads to a need to consider their influence on some of the 
basic psychological processes used in learning, and their relevance to teaching practice. It has been 
demonstrated that the use of ICT influences skills such as attention, perception and memory. For this 
reason, this investigation aims to: a) analyze the influence of ICT on the learning of second languages 
– concretely, on learning English; b) test whether there is a relation between neurophysiological ma-
turity and learning second languages; c) discover the role played by attention in learning second lan-
guages; and d) to investigate whether learning second languages through ICT influences students’ 
motivation. 
 
Method:  70 students (35 girls and 35 boys) aged between 10 and 11 years old participated in this 
study. The students are in their fifth year of primary education, in a center based in the city of Grana-
da. 
Results:  The results show that both the methodology employed through the use of ICT and the neuro-
physiological development of each student influence their learning of English as a second language. 
Equally, attention was also found to be related with the learning of English. On the other hand, moti-
vation to learn was found to be greater in students learning via ICT. 
Discussion and conclusions: Thus it can be concluded that a methodology based in ICT favors acqui-
sition of second languages, as does the motivation of the student for learning. Likewise, those students 
with more advanced neurophysiological development and who score higher for attention find it easier 
to learn English. 
Key words: Information Computer Technology (ICT), learning a second language, English, motiva-
tion, attention, neurophysiological development, executive function. 
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Introduction 
Currently, the impact of new technologies on society has generated changes in the bet-
ter part of human activity (Hernández and Muñoz, 2012). The emerging ‘information society’ 
and technological development have also led to changes in the educational process (Hubacko-
va and Ruzickova, 2011). The last few years have resulted in a greater preoccupation with 
effectively using the diverse technological and internet-based resources available at all levels 
of education, in formal and informal contexts alike. A multitude of teachers and investigators 
have become interested in the influence of new technologies on learning and, more specifical-
ly, in the use of information and communication technologies (ICT) in foreign-language 
teaching (Ghasemi and Hashemi, 2011; Røkenes and Krumsvik, 2016). 
 
According to Ghasemi and Hashemi (2011), ICT is defined as a diverse group of tech-
nological tools and those resources used in order to communicate, create, diffuse, store and 
manage information. The integration of such technologies into the education sector has gener-
ated variations in processes of teaching and learning (Yunus, Nordin, Salehi, Embi, and 
Salehi, 2014). 
 
In the sixties, the first information system appeared – and since then diverse strategies 
have been employed to incorporate ICT at different levels of education (Badia, Meneses, and 
Sigalés, 2013; Nordin, Embi, and Yunus, 2010; Nordin, Hamzah, Yunus, and Embi, 2010; 
Salehi and Salehi, 2012; Yunus, Nordin, Salehi, Embi, and Salehi, 2013; Yunus, Salehi, and 
Chenzi, 2012). Despite the fact that the introduction of ICT was made many decades ago, 
there is still a great deal of controversy about its impact on students’ learning. The use of ICT 
as an educational tool presents several limitations, such as: elevated cost, limited availability 
of equipment, lack of knowledge about its use, and the reticence of some teachers to accept 
ICT as an educational resource (Harutyunyan, Moldoveanu, Moldoveanu, and Asavei, 2015). 
 
However, the reason for which ICT is acquiring such importance in the educational 
sector results from diverse investigations showing that it improves the quality of education; 
permitting students to quickly access a large quantity of information and increasing students’ 
interest in and motivation towards learning, among other things (Ghasemi and Hashemi, 
2011). 
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Therefore, there is a need to carry out systematic investigations around the impact of 
ICT on education since, despite the fact that these technologies have been successfully inte-
grated in the classroom, little is known about their direct impact – above all on academic 
achievement (Condie and Munro, 2007). The majority of studies carried out have been fo-
cused on analyzing the relation between ICT and improved motivation (Passey, Rogers, Ma-
chell, and McHugh, 2004; Yunus, Chua, Maimun, and Rizauddin, 2010); a variable which is 
considered fundamental to academic achievement and improved learning. 
 
On the other hand, in recent years domination of other languages has become a prima-
ry objective in academic contexts (Matsuda and Friedrich, 2011; McKay, 2002). According to 
Abdel-Rahman (2009), Mandarin and English are the most-used languages, English being 
used as an international language thanks to globalization and competition between nations 
(Faradilla, 2010). Speaking of English as an ‘international language’ makes reference to a 
term which describes the function and use of English in multilingual contexts (Friedrich and 
Matsuda, 2010; Matsuda and Friedrich, 2011). It is in this light that the need to introduce 
English in schools, as part of planned studies, begins to emerge (Shamsudin, 2009), since its 
being an international language highlights the importance of its teaching (Emir, 2010). 
 
Nonetheless, at this moment the greater part of the Spanish population are not compe-
tent in using English, despite the fact that is included in curriculums from the first year of 
primary schooling (Sekharan et al., 2014). This could be due to the passivity of the instruction 
and assessment that students are subjected to, which does not take into consideration differ-
ences between individuals and the need to tailor teaching to each individual student (Arteaga, 
2011; Prato and Mendoza, 2006). This all generates feelings of frustration and poses a great 
challenge for the teacher, since several publications and conferences have recognized that the 
current way of teaching English is inadequate – but have done so without offering solutions to 
this problem (Matsuda and Friedrich, 2011). 
 
For several years, the teaching of second languages has been based in traditional 
teaching methods. However, the teaching of today must take new methods into account, such 
as the use of ICT in the classroom (Hubackova and Ruzickova, 2011). 
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Thus, owing to the multiple opportunities presented by ICT, this technology could 
prove a transformative pedagogical tool in the educational field. Several studies have shown 
that the use of ICT in the classroom optimizes learning of languages and improves students’ 
motivation and interest (Yunus et al., 2010). In this spirit, Passey et al. (2004) carried out a 
study which found that the use of ICT in the classroom generates high levels of motivation to 
achieve in students. 
 
Furthermore, the use of ICT for teaching English helps to enhance skills in reading, 
writing, speaking and listening. In a study carried out by Harrison et al. (2002), it was found 
that ICT contributes to: greater commitment from students; reflection on and analysis of the 
subject studied; and that it favors the development of competencies associated with communi-
cation. 
 
Muslem and Abbas (2017) mention a series of opportunities to use ICT as part of the 
teaching and learning process, particularly in English classes. The first, as has been previously 
mentioned, is for motivation. Granito and Chernobilsky (2012) recognize that technology has 
the potential to be a powerful educational tool, and it is likely that students who use technolo-
gy will keep on carrying out a task for longer periods of time. For example, in listening exer-
cises, the teacher can use the internet to find rich sources of model speech from native speak-
ers, which not only serve to help students with pronunciation but also act as support for those 
teachers who feel less than secure with their own linguistic skills. In consequence, Silviyanti 
(2014) discovered that the use of YouTube appears to be interesting and beneficial to stu-
dents, enthusing them more, and thus making them more motivated to watch a video and later 
practice the pronunciation of words in imitation of native speakers (instead of only practicing 
listening through use of conventional audio recordings). 
 
The second is collaborative learning. Domalewska (2014) states that collaborative 
learning, supported by technology, can prompt language development because students learn 
through social interaction. For example, Silviyanti and Yusuf (2015) found that blogs encour-
aged students to make comments on the work of others, to share their experiences, to reflect 
on their own work and on that of their classmates, and to thus develop their critical thinking 
skills.  
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The third is cultural awareness. Hollenbeck and Hollenbeck (2009) state that ICT pro-
vides teachers with tools with which to address inequity and access problems, to accelerate 
their students’ linguistic and conceptual development, to offer support to those students who 
learn in different ways, and to create authentic and significant learning experiences. Technol-
ogy can be adapted for cultural awareness, permitting students to interact and fully participate 
in their own learning, whilst gaining linguistic skills and cultural awareness. 
 
One the other hand, the use of ICT in English classrooms also has several disad-
vantages. Kolbakova (2014) suggests that the use of ICT in the teaching and learning process 
adds work and creates additional struggle for teachers seeking to satisfy the needs of each and 
every student in their class. ICT might not be appropriate for every student, or for every situa-
tion or purpose; students may also require considerable training in order to use technologies 
successfully. Other barriers to using ICT include classroom management and the risk of dis-
traction. One of the problems most commonly faced by teachers with regards to technology 
occurs when students copy and paste from internet sources, also known as plagiarism. The 
ability to rapidly obtain large amounts of information from the internet can make students 
apathetic when it comes to doing their homework. Yunus et al. (2013) explain in greater detail 
that, if students’ reading skills are developed solely by moving across a computer screen, this 
can result in an inaccurate understanding of the reading’s content. 
 
However, ICT as a classroom tool for teaching and learning a foreign language is in-
evitable in this day and age, as such technologies already form part of our daily life. Rabah 
(2015) has strongly contended that the use of technology in learning, which is already a pow-
erful and flexible learning tool that is necessary to confront the challenges of globalization, 
promotes the economic status of a country and motivates and helps its students to learn. 
 
Another variable of particular relevance to learning is neurophysiological maturity, de-
fined as the developmental maturity and level of organization that permits the development of 
behavioral and cognitive functions in line with a person’s chronological age. When address-
ing the concept of neurophysiological maturity, harmonic and progressive processes of devel-
opment across different dimensions are included, such as: laterality, visuoperception, execu-
tive function, rhythm, and perceptual abilities – attention, memory and language (Portellano, 
Mateos, Martínez, and Granados, 2000). 
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 Neurophysiological disorders are frequently associated with academic failure and dif-
ficulties in learning. For this reason, looking into a student’s neurophysiological development 
makes it possible to better establish their educational chances, with the aim of better support-
ing the student within the classroom and preventing academic failure (Diamond, 2013; Portel-
lano, Mateos and Martínez, 2012; Santa-Cruz and Rosas, 2017). 
 
In this same vein, Martínez (2015) maintains that there is a relation between neuro-
physiological development and learning – and, by extension, with the learning of second lan-
guages. However, it is currently not known whether there are any studies evidencing the im-
pact of neurophysiological maturity on the learning of second languages: hence the interest in 
including this variable within the present study. 
 
On the other hand, attention – defined as the mechanism directly implicated in the ac-
tivation and functioning of processes and operations of selection, distribution and mainte-
nance of psychological activity (García-Sevilla, 1997) – also plays a very important role in 
the learning of any material, since it is considered a vital component for the selection and ma-
nipulation of information (Laberge, 1995; León, 2008). Traditionally, attention has been con-
sidered as a good predictor of academic success. In this way, those students showing an abil-
ity to maintain their attention well can hope to obtain, in turn, better academic results. How-
ever, the most restless student, with a greater tendency to become distracted, can expect to 
achieve lower scores in tests of attention and a worse academic showing (Boujon and Quair-
eau, 1999). Likewise, students with attentional deficits experience difficulties in acquiring 
reading and writing skills (González-Castro, Álvarez, Núñez, González-Pienda and Álvarez, 
2008; León, 2008): prerequisites for any learning curriculum. 
 
For this reason, the role played by attention in the acquisition of a second language has 
become a topic of great interest in the scope of the investigation (Nelson, 2011; Robinson, 
2003). In this line, Nelson (2011) showed that attention could have a fundamental role in the 
learning of second languages.  
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Objectives and hypothesis 
 
Taking into account the importance that the use of ICT, attention, neurophysiological 
maturity and motivation have when it comes to learning, the current investigations aims to: a) 
analyze the influence of ICT on the learning of second languages – concretely, on learning 
English; b) test whether there is a relationship between neurophysiological maturity and the 
learning of second languages; c) discover what role is played by attention in the learning of 
second languages; and d) indicate whether learning second languages through ICT influences 
students’ motivation. 
 
Taking into account the objectives of the investigation and the theoretical review car-
ried out, it is hoped that a) a student who receives teaching through ICT will obtain better 
results in learning a second language than their peers receiving traditional teaching; b) the 
learning of a second language will improve when the student’s level of neurophysiological 
maturity is higher; c) a high score for attention will be related with better learning of second 
languages; and d) a student learning through ICT will be more motivated to acquire a second 
language than a student receiving traditional teaching. 
 
Method 
 
Participants 
 
 70 students, 35 girls and 35 boys, aged between 10 and 11 years old, enrolled in the 
fifth year of primary education in a center located in the city of Granada participated in the 
study. They were sorted into groups for the experiment: experimental group 1 was formed of 
25 students, who received their English teaching by means of ICT. Experimental group 2 was 
made up of 45 students, who were taught English according to traditional teaching methodol-
ogy. The gender distribution of students across the groups is detailed in Table 1. 
 
Table 1. Distribution of the sample by experimental status and sex 
 
Status 
 Boys Girls Total 
n % n % n % 
Experimental group 1  12 17.14 13 18.58 25 35.72 
Experimental group 2  23 32.86 22 31.43 45 64.29 
Total  35 50 35 50 70 100 
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Instruments 
 
 The present study uses various dependent variables related with neurophysiological 
maturity (language, visuoperception, executive function, memory, rhythm and laterality), at-
tention, motivation and the learning of English. The points of evaluation (pre-test—post-test), 
the sex (boy—girl) and the status of the participants (experimental 1—experimental 2) were 
treated as independent variables or groups. 
 
Learning English 
 
In order to evaluate students’ levels of English-learning, two written tests (‘The Mys-
terious Egypt’) were used at each point of evaluation (pre-test—post-test) to evaluate their 
grasp of the material. The tests were constructed ad-hoc by the teacher, with a similar format 
to tests taken by students throughout the academic year. 
 
The tests consisted of three broad skill areas: 
 
• Listening (composed of three activities): measured aural comprehension of vocabulary 
and grammar, studied in unison by means of: a) identifying images through listening 
to phrases in English related to said images; b) identifying images after having lis-
tened to a story in English; and c) selecting the correct answer from a multiple-choice 
question after having listened to a new story in English. 
• Reading (formed of two tests): measured reading comprehension of a given text in 
English by means of: a) a multiple-choice questionnaire (3 possible answers); and b) a 
series of 8 free-response questions.  
• Writing (made up of 4 tests): measured vocabulary and aspects of grammar, worked in 
unison throughout by identifying images and completing phrases and texts in English.  
 
Neurophysiological maturity 
 
Neurophysiological maturity was measured by the Neurophysiological Maturity edu-
cational Questionnaire: CUMANES de Portellano et al. (2012). This questionnaire permits a 
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global evaluation of neurophysiological development in primary-school students. According 
to the authors, the test shows a Cronbach’s alpha of .79 and is composed of a series of 12 tests 
grouped in 6 sections: 
 
Section 1: Language. Consisting of 6 tests: 
• Audioverbal understanding (α=.67): allowing an analysis of comprehensive language, 
sustained attention, and verbal memory. 
• Understanding of images (α=.80): evaluating comprehensive language, and sustained 
attention. 
• Phonemic fluency (α=.64): evaluating expressive language, verbal fluency, executive 
function, and working memory. 
• Semantic fluency (α=.64): allowing an evaluation of expressive, verbal fluency; ex-
ecutive function; and working memory. 
• Lexical reading comprehension (α=.61): evaluating reading fluency, sustained atten-
tion, and verbal memory. 
• Dictation (α=.81): evaluating short-term memory, sustained attention, psychomotor ef-
ficiency, visuoperception, and graphomotor functioning.  
 
Section 2: Visuoperception. (α=.85): allowing the evaluation of spatial structuring, construc-
tive praxia, spatial orientation and graphomotor functioning. 
 
Section 3: Executive function: evaluating programming capacity, sustained attention, divided 
attention, working memory, prospective memory, the capacity to improve motor perception, 
mental flexibility, and inhibitory capacity.  
 
Section 4: Memory. Consisting of two tests: 
• Verbal memory (α=.68): evaluating explicit memory, short-term memory, and seman-
tic memory. 
• Visual memory (α=.63): evaluating explicit memory, short-term memory, non-verbal 
memory, and spatial organization. 
 
Section 5. Rhythm (α=.83): evaluating sequencing skills, sensory memory, short-term 
memory, implicit memory, and sustained attention. 
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Section 6. Laterality (α=.85): evaluating language dominance, neurophysiological maturity, 
body schema, spatial organization, and motor skills.  
 
The reliability indices of the text for the study participants were similar to those presented in 
the original test. 
 
Attention 
 
Attention was evaluated through the ‘CARAS-R. Test of perception of differences’ 
questionnaire by Thurstone and Yela (2012). The questionnaire allows the evaluation of per-
ceptive and attentional aptitudes through 60 graphic elements, comprising faces drawn with 
basic strokes. The student must identify the different (‘odd-one-out’) face among three given 
faces and cross it out. The questionnaire can be applied individually or collectively, and for 
the purposes of this study it was carried out collectively, with a 3-minute time limit. The ques-
tionnaire allows us to obtain four scores: 
 
1. Correct answers (A). The subject’s total number of correct answers. They are given a 
point for each of the faces that are crossed out on their test paper (correctly answered). 
The total number of correctly marked faces will be the number of correct answers. 
2.  Errors (E). The subject’s total number of errors. Each of the crosses that the subject 
has marked on their paper that does not correspond to the ‘different’ face of the three 
is counted. The total number of erroneous marks will be the number of errors. 
3. Net correct answers (A-E). The total remaining when the total number of the subject’s 
errors is subtracted from total number of the subject’s correct answers. In this way a 
more precise measure of the efficacy of their answers in the test is obtained. 
4. Index of Control of Impulsivity (ICI). This is calculated by dividing the number of net 
correct answers (A-E) by the total number of answers given by the subject (A+E).  
 
Motivation 
 
Motivation was evaluated by means of a question constructed ad hoc, with an answer 
on the Likert scale of ten points: 1 equaling nothing and 10 equaling very. The question 
measures the student’s motivation towards the methodology employed by the English teacher, 
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at the time of study. Concretely, the question posed to the students was the following: ‘How 
much did you like how you were taught English this term and resources you used in class?’ 
 
Procedure 
 
In carrying out the current study, first of all permission was sought from the center in-
volved. Once the necessary permissions were obtained, from teaching staff as well as the stu-
dents’ parents, the investigation’s objectives were explained to the faculty for the fifth prima-
ry-school year. Once informed consent was gained, we proceeded to explanation and complet-
ing the questionnaires with the students. The questionnaires were completed by students in 
different sessions.  
 
The questionnaire used to evaluate learning of English was administered by the cen-
ter’s English-teaching specialist in two phases, pre-test and post-test. The tests used in both 
phases differed in the order of each of the activities, and in the texts used to test oral and writ-
ten comprehension. This was done with the aim of not generating ‘learning by memory’. The 
interval between both phases was three weeks, during which an intervention was carried out 
in both groups. As has been previously outlined, group 1 differed from group 2 in terms of the 
methodology used to teach English. Concretely, group 1 was taught English by means of ICT 
(use of computers, interactive games, DVDs, CD-ROMs, videogames and websites) and 
group 2 was taught by a traditional methodology (based on the use of textbooks and files). 
 
Amongst the activities used in group 1, a videogame created for this investigation fea-
tured prominently. It is an online game in which the teacher divides students into working 
groups and assigns to each a specific set of vocabulary or language category. In the game, the 
student meets rivals whom they have to disarm by translating words from Spanish to English, 
and vice versa, or by correctly using grammatical phrases. The vocabulary words and the 
grammatical phrases were created by the teacher, who ensures that they are updated once the 
student has acquired them. When the student is correctly using the grammar or the words, 
they gain points and move on to a new screen. With these points, the student has the option to 
go to a vault and exchange their points for accessories. Furthermore, correct use of English 
allows the student to go up a level and improve their character. Likewise, the student can con-
tinue playing at home and choose a specific rival to confront.  
 
Neurophysiological maturity and ICT in English learning 
 
Electronic Journal of Research in Educational Psychology, 17 (1), 27-54. ISSN:1696-2095. 2019.  no. 47  39  
Another salient activity was the running of several videoconferences between the stu-
dents and students from a school in Manchester. In these conference different topics were 
proposed (for example: health, culture, recycling) and students had to ask and answer ques-
tions in English on the proposed topic.  
 
Alongside this, the Neurophysiological Maturity educational Questionnaire was car-
ried out in the pre-test phase on a one-on-one basis, following the order established by the 
questionnaire’s authors for each of the tests. The test was administered by the center counsel-
lor in separate sessions, taking place in the first hours of the school day, in order to avoid the 
effect that tiredness might have on the participating student. 
 
The Test of perception of differences was administered in the pre-test phase and the 
motivation questionnaire in the post-test phase. Both questionnaires were administered collec-
tively by evaluators trained to carry out this task. 
 
Once the questionnaires were completed by the student, we proceeded to analyze the 
results and to write the report. Lastly, the center was informed about the results obtained. 
 
Data analysis 
 
 Taking the objectives and hypotheses of the current investigation as a premise, the 
methodology used was quasi experimental, with two experimental groups (experimental 
group 1 and experimental group 2) and two moments in time (pre-test and post-test). It was 
not possible to randomly assign students to the experimental conditions – ready-formed class 
groups were used.  
 
In relation to the preliminary analysis, and also to obtain measures of central tendency 
and dispersion, test t was carried out on independent samples in order to test the differences 
and similarities between experimental group 1 and experimental group 2 in the pre-evaluation 
phase. (The samples used were more appropriate owing to the homogeneity of their vari-
ances). 
 
Later, a Mixed Model ANOVA was carried out, in which the moment of evaluation 
(pre-test—post-test) was included as an intra-group factor, and the condition (experimental 
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1—experimental 2) as an intergroup factor. Following this, the t test was carried out on inde-
pendent samples to test in which moment of the evaluation the possible differences between 
the groups were to be found. 
 
Likewise, Pearson correlations were used to analyze the relation between English 
learning and the intrapersonal variables analyzed – these being neurophysiological maturity, 
attention, and motivation. 
 
The different analyses were carried out with the statistics program Statistical Package 
for the Social Sciences (SPSS), version Statistic 20.0 for Windows.  
 
Results 
 
English learning and methodology 
 
Owing to the fact that the participants in the investigation had not been randomly as-
signed to the two experimental conditions, a difference of means test was carried out in order 
to test if both groups started from similar levels of English in the pre-evaluation phase. The 
results show that, before the intervention phase, both groups obtained similar scores in tests of 
listening (t(68)=1.03, p=.308), reading (t(68)=1.69, p=.096), writing (t(68)=1.40, p=.167), and in 
total (t(68)=.19, p=.849).  
 
On the other hand, the results obtained in the Mixed Model ANOVA in the English-
learning variables show principle effects for the time factor (pre-test—post-test) on all of the 
English-learning variables analyzed: listening F(1.66)=231.14, p=.000; reading F(1.66)=41.84, 
p=.000; writing F(1.66)=310.80, p=.000; and in the total English test F(1.66)=371.49, p=.000. 
Students in both groups (experimental and control) obtained significantly higher marks in the 
post-intervention phase (see Table 2). Higher effect sizes were observed for English-learning 
as a whole (eta2=.85) and for the listening (eta2=.78) and writing tests (eta2=.83), and an aver-
age effect size for the reading test (eta2=.39). 
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Table 2. Means and standard deviations for the variables of learning English in pre- and post- 
evaluation phases 
 
 
The results show significant interaction effects between the time factors of evaluation 
(pre-test—post-test) and condition (experimental 1—experimental 2) in the variables of Eng-
lish learning: listening F(1.66)=18.14, p=.000, writing F(1.66)=43.62, p=.000, and the total test of 
English F(1.66)=37.39, p=.000. The effect sizes of the interaction are moderate for the total of 
the English test (eta2= .36), and for the listening (eta2= .22) and writing tests (eta2= .40). 
However, the effect size is low for the reading test (eta2= .04). 
 
In line with the interaction effects, the mean difference test, carried out on independent 
samples, reveals significant differences between the two experimental groups in the post-
evaluation phase. The boys and girls from experimental group 1 obtained higher marks than 
their peers in experimental group 2 in listening t(69)=2.84, p=.006, writing t(69)=4.22, p=.000 
and in the total English test t(69)=3.67, p=.000. On the other hand, interaction effects were not 
found in the reading test F(1.66)=2.58, p=.113, although the mean difference test revealed that 
there were significant differences between experimental group 1 and experimental group 2 in 
the post-evaluation phase. Students in experimental group 1 obtained higher marks than their 
peers in experimental group 2 in the reading test t(69)=2.65, p=.010. 
 
English learning and neurophysiological maturity 
 
With the aim of analyzing the relation that exists between neurophysiological maturity 
and English learning, a Pearson correlation was carried out between these two variables (see 
Table 3). The data obtained signal the presence of a positive and significant correlation be-
tween listening and audioverbal comprehension. In the same fashion, listening positively and 
significantly correlated with image comprehension, leximetric reading comprehension (words 
per minute), with dictated writing, and with total neurophysiological maturity. Likewise, the 
listening variable correlated negatively and significantly with executive function (time in sec-
 
Experimental 1 Experimental 2 Total 
Pre Post Pre Post Pre Post 
M Sd M Sd M Sd M Sd M Sd M Sd 
Listen-
ing 
.38 .23 .79 .16 .43 .22 .66 .17 .41 .22 .71 .18 
Reading .47 .17 .65 .22 .39 .18 .50 .22 .42 .18 .55 .23 
Writing .13 .12 .63 .22 .17 .11 .40 .21 .15 .12 .48 .24 
Total .32 .13 .68 .17 .33 .15 .52 .18 .33 .14 .58 .19 
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onds) and executive function (number of errors). No other significant correlations between 
listening and the rest of the Cuman variables – such as phonemic and semantic fluency, lexi-
metric comprehension (correct responses), visuoperception, verbal and visual memory, 
rhythm, or with manual, ocular or breech laterality. 
 
 
On the other hand, it was observed that the reading test correlated positively and sig-
nificantly with audioverbal comprehension, image comprehension, leximetric comprehension 
(words per minute), dictated writing, and with total neurophysiological maturity. In the same 
manner, negative and significant correlations were observed with executive function (time in 
seconds) executive function (number of errors). No significant correlations were found be-
tween reading and the variables of neurophysiological maturity related with phonemic and 
semantic fluency, leximetric comprehension (correct responses), visuoperception, verbal and 
visual memory, rhythm, or with manual, ocular or breech laterality. 
  
From another side, the data indicate that writing correlated positively and significantly 
with image comprehension, leximetric comprehension (words per minute), dictated writing 
Table 3. Pearson Correlations between English learning and neurophysiological maturity 
 
Neurophysiological maturity 
English learning 
Listening Reading Writing Total 
Audioverbal comprehension .31* .27* .14 .30* 
Image comprehension .53** .24* .29* .44** 
Phonemic fluency -.01 -.09 .08 -.02 
Semantic fluency .16 -.01 .13 .11 
Leximetric comprehension (Correct answers) .-.01 .15 -.05 .04 
Leximetric comprehension (Words per minute) .40** .36** .35** .45** 
Dictated writing .38** .45** .36** .47** 
Visuoperception .11 .19 .10 .16 
Executive function (Time in seconds) -.31** -.37** -.38** -.41** 
Executive function (Number of errors) -.26** -.26* -.23 -.30* 
Verbal memory .14 .03 .09 .11 
Visual memory .16 -.02 .04 .08 
Rhythm .21 .12 .03 .16 
Manual laterality .05 -.02 -.02 .01 
Ocular laterality -.01 -.03 -.01 -.02 
Breech laterality .05 .07 .06 .07 
Total neurophysiological maturity .52** .34** .33** .49** 
*p<.05 (bilateral); **p< .01 (bilateral) 
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and with total neurophysiological maturity. In the same manner, negative and significant cor-
relations were found with executive function (time in seconds). No significant correlations 
were found between writing and those variables related with audioverbal comprehension, 
phonemic and semantic fluency, leximetric comprehension (correct responses), visuopercep-
tion, executive function (number of errors), verbal and visual memory, rhythm, or with manu-
al, ocular or breech laterality. 
 
 The total mark obtained in the English test correlated positively and significantly with 
audioverbal comprehension, with image comprehension, with leximetric comprehension 
(words per minute), with dictated writing, and with total neurophysiological maturity. In the 
same manner, negative and significant correlations were found between the total mark for the 
English test with executive function (time in seconds) and executive function (number of er-
rors). No statistically significant correlations were found with those variables of neurophysio-
logical maturity related with phonemic and semantic fluency, leximetric comprehension (cor-
rect responses), visuoperception, verbal and visual memory, rhythm, or with manual, ocular 
or breech laterality. 
  
English learning and attention 
 
Table 4 shows the results obtained by the Pearson correlation carried out between the 
learning of English and attention. In this manner, significant positive correlations can be ob-
served between all the English-learning variables analyzed (listening, reading, writing and the 
total obtained in the English test) and the number of correct answers. Equally, a positive and 
significant correlation was produced between the English-learning variables and the net num-
ber of correct answers. In contrast, no significant correlations were found between the Eng-
lish-learning variables and errors committed, nor with the impulsivity control index.  
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English learning and motivation 
 
The means and standard deviations in motivation are shown in Table 5. The results ob-
tained in the mean difference test of motivation according to condition (experimental 1 and 
experimental 2) in the post-intervention phase show significant differences between both 
groups, with experimental group 1 obtaining a better score for motivation than experimental 
group 2 t(51.18)=19.18, p=.000. The effect size of the difference was obtained by means of the 
Eta-square and correlation co-efficient,  with the results showing a very high effect size 
eta2=.75 y r=.90. 
 
Table 5. Means and standard deviations in motivation 
 
 
 
 
 
 
Discussion and conclusions 
 
First off, the results of this study show that, independently of whether the method used 
by the professor was based on traditional teaching methods or was augmented with new tech-
nologies, students had improved their learning after the educational intervention. Students 
from both experimental groups obtained significantly better marks after the teaching sessions 
on the subject. Nonetheless, and in spite of those studies which exist questioning the efficacy 
of ICT in learning (Condie y Munro 2007; Cuban y Kirkpatrick, 1998), the preliminary anal-
yses confirm the first of the opening hypotheses of this study: that teaching English through 
ICT improves student learning when compared with traditional teaching. These results were 
also found in the area of mathematics in another study carried out by Cheung and Slavin 
Table 4. Correlations between English learning and attention 
 
Attention 
English learning 
Listening Reading Writing Total 
Correct answers .38** .37** .43** .46** 
Errors -.01 -.08 .01 -.04 
Net correct answers .37** .37** .41** .45** 
Impulsivity control index .03 .14 .06 .09 
*p<.05 (bilateral); **p< .01 (bilateral) 
 
 
Experimental 1 Experimental 2 Total 
M Sd M Sd M Sd 
Motivation 9.80 0.41 3.74 2.07 5.87 3.36 
Neurophysiological maturity and ICT in English learning 
 
Electronic Journal of Research in Educational Psychology, 17 (1), 27-54. ISSN:1696-2095. 2019.  no. 47  45  
(2013); who found that ICT produced positive effects in comparison with traditional teaching 
in mathematical learning. In this same vein, Cox et al. (2003), found a positive effect of ICT 
on students’ learning of basic subjects. However, they indicated that this effect was dependent 
on the technological resources employed and the subject in question. 
 
These findings are congruent if one takes into consideration the fact the emergence of 
technologies in the educational sector has generated an increase in both motivation and stu-
dent interest in the process of learning, and has promoted the development of greater autono-
my and competence within a society in a state of continual change and transformation. The 
quantity of time that students dedicate to using certain technologies (mobile phones, internet, 
social media and videogames) out of school contexts, and the variety of digital and audiovisu-
al resources that are being developed, lead teachers to consider the need to incorporate these 
technologies into their teaching methods. To do so, developing and making use of technologi-
cal resources (such as videogames) which enhance student learning, as much within as outside 
the classroom, becomes a vital aspect of their practice to be considered by teachers. Further-
more, the methodology of teaching through ICT favors student autonomy and collaboration, 
and the creation of a discourse within and without the classroom which enhances learning 
and, at the same time, makes it more likely that this learning takes a more playful and inde-
pendent form. In this vein, Ghasemi and Hashemi (2011) indicate that learning English as a 
second language, through the use of ICT, not only improves student motivation but enhances 
interactive learning, the ability to adapt to students’ different learning styles, and offers great-
er opportunities to develop creativity. In this way, students will be provided with the oppor-
tunity to become active participants in their own English learning, through the use of video-
games, chats, and other resources. 
 
Elsewhere, the results of the study confirm the second hypothesis that there already 
exists a positive relationship between a student’s neurophysiological maturity and their Eng-
lish learning. Those students who obtained higher marks in the listening, reading and writing 
tests also obtained higher scores for neurophysiological maturity – and in several of the varia-
bles that comprise it. More specifically, the results show that there are certain variables of 
neurophysiological maturity that have a greater influence on English learning (Keane, Keane 
and Blicblau, 2016). In this sense, it seems that both audiovisual comprehension – such as 
image comprehension, reading speed, and the ability to copy words and phrases – and execu-
tive function are the variables which have the greatest influence on learning English as a sec-
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ond language. However, other variables such as phonemic and semantic fluency, visuopercep-
tion, memory, rhythm, or laterality do not appear to have a relation with English learning. 
 
In a similar manner, as would happen with any learning content, attention is shown to 
have a relation with English learning: confirming the third hypothesis of this study. Those 
children who had high scores in the English tests carried out also obtained high scores in the 
number of correct answers, and low scores for errors, in the attention questionnaire. As Ortiz 
(2009) indicates, one of the fundamental roles of attention in the educational field it its influ-
ence on behavioral control, learning, cognitive processes and, in general, on activities related 
with school life. In this vein, Vassilopoulou and Mavrikaki (2016) carried out a study in 
which they showed that the use of ICT managed to attract students’ attention, and kept them 
more active within the learning process than the use of traditional methodology. For this rea-
son, it seems of fundamental importance to develop an active methodology supported by ICT, 
given that this type of methodology favors both processes of attention and student learning. 
 
Elsewhere, the results confirm the fourth hypothesis, in showing that those students 
who learn English through ICT demonstrate greater motivation towards the material they have 
been taught than those students receiving traditional teaching. Similar results have been found 
in other studies, like that carried out by Tüzün, Yılmaz-Soylu, Karakuş, İnal and Kızılkaya, 
(2009), although in this case the subject being taught was Geography. The authors showed 
that, in a comparison of student motivation in Geography using traditional methodology ver-
sus another based in the use of videogames as a technological resource, those students who 
learned through the use of videogames showed significantly greater motivation, as well as 
better marks than those who received traditional teaching. 
 
Likewise, a methodology based on ICT for teaching second languages improves inter-
est towards learning and facilitates access to other cultures. It also improves interaction be-
tween students, and generates a greater sense of independence towards one’s own learning; as 
well as greater motivation towards the same. All of these positive effects suggest that incorpo-
rating ICT as a tool in educational environments would greatly serve to support and improve 
acquisition of second languages (Adedokun-Shittu y Shittu, 2015). 
 
In this way, the following conclusions can be extrapolated from the present investiga-
tion: a) the methodology employed influences learning English as a second language. Specifi-
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cally, the use of ICT improves the acquisition of English in comparison with traditional teach-
ing; b) that there is a relation between neurophysiological maturity and English learning, with 
executive function, audiovisual and image comprehension, reading speed and the ability to 
copy phrases and words having particular relevance; c) that, as occurs in other areas of 
knowledge, attention is fundamental for the acquisition of English; and d) student motivation 
improves when teaching based in ICT is used versus traditional teaching. 
 
However, the limitations of this study should be taken into account: much of which are 
related with the nature of the study’s design and the way in which it was executed. It was not 
possible to randomly assign students to experimental group 1 and experimental group 2; and 
thus causal relations could not be established, nor other types of individual variables con-
trolled for – such as the cultural group or ethnicity of participants, or their previous perfor-
mance. Nonetheless, an attempt was made to control other kinds of limitations associated with 
cuasi-experimental designs through the use of two distinct experimental groups and different 
temporal moments for the evaluation of the subjects. Likewise, a t test was carried out to see 
if there were any differences between experimental groups 1 and 2 before the intervention, 
with the aim of taking initial differences into consideration and carrying out the relevant anal-
yses. 
 
Furthermore, it cannot be overlooked that the study was carried out with a very re-
duced number of subjects and in a specific center in the city of Granada. For this reason, the 
study’s external validity is limited and it is very complicated to extract firm conclusions and 
to generalize the results to other contexts. Likewise, motivation was evaluated through a sin-
gle question, aimed at gauging satisfaction. 
 
 In the same fashion, another limitation comes from the use of a cross-sectional study. 
Specifically, the effects of the interventions are measured in the short-term, preventing us 
from being able to determine the true, longer-term impact of the use of ICT in teaching. 
 
Taking this into perspective, in future investigations it would be interesting to compare 
how the use of different ICT resources – such as, for example, videogames vs interactive 
whiteboards – influence English learning and student motivation in different ways. Equally, it 
would be interesting to carry out a longitudinal analysis on the effect of using ICT at all edu-
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cational stages and across different subjects. Likewise, a study could also analyze if ICT en-
courages the maintenance of attention and, in this way, enhances learning. 
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